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METHOD AND APPARATUS FOR VIBRATION CONTROL 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/220;272 filed on July 24, 2000, the contents of which are 
incorporated herein by reference thereto. 

TECHNICAL FIELD 

The field of this disclosure relates to vibration control, and more 
particularly, to an apparatus and method for controlling the vibration of a 
steering wheel. 

BACKGROUND 

Vibrations are propagated through the mechanical structure of 
vehicle steering systems. The vibrations are created by the engine and by the 
interface of tires on road surfaces. The vibrations are transmitted to the steering 
system components and are ultimately transmitted to the steering wheel. 

Improvements to the steering system performance can be gained 
by reducing the vibration of the steering system transmitted to the steering 
wheel. Passive isolation would make the structure softer which could also 
increase the transmission at the resonant jfrequency. These passive vibration 
control techniques make the steering system more bulky in applications where 
increasing the weight of the structures in the system is undesirable. Thus, there 
is a need in the art for improved control of the vibration transmitted to the 
steering wheel. 
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A method and apparatus for a damped steering assembly as 
disclosed herein. The damped steering assembly includes a steering wheel 
attached to a steering column. Disposed between flie steering wheel and the 
steering column is an active vibration control mechanism. The active vibration 
control mechanism damps vibration transmitted from the steering column to the 
steering wheel. The above-described and other features and advantages of the 
present invention will be appreciated and understood by those skilled in the art 
from the following detailed description, drawings, and appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described, by way of example, 
with references to the accompanying drawings, wherein like elements are 
numbered alike in the several figures in which: 
1 5 Figure I is a perspective view of an exemplary embodiment of a 

damped steering assembly; 

Figure 2 is a perspective view of an exemplary embodiment of a 
flexure element; 

Figure 3 is a section view of an exemplary embodiment of a 
20 damped steering assembly without the steering wheel; 

Figure 4 is a plan view of an exemplary embodiment of a 
damped steering assembly without the steering wheel; 

Figure 5 is a plan view of another exemplary embodiment of a 
damped steering assembly without the steering wheel; 
25 Figure 6 is a front view of an exemplary embodiment of a 

damped steering assembly wittiout the steering wheel. 

DESCRIFnON OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, a steering assembly 10 is shown. Steering 
30 assembly 10 is configured to have an active vibration control system for 

damping vibrations in the steering assembly. A part of a steering column 12 or 
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steeringifra is connected with a rimless hub 14 at one end and a steering 
mechanism (not shown) at the other. 

The rimless hub 14 is connected in any suitable manner to the 
steering column 12 so Aat there is no relative motion between the rimless hub 
14 and the steering column 12. The rimless hub 14 is attached to the steering 
column 12 distal to the remainder of the steering system components, such as 
the steering box (not shown). 



In a preferred embodiment, the rimless hub 14 is a conventional 
10 steering wheel hub. Coupled to the rimless hub 14 is a flexure element 16. in a 
preferred embodiment, there are four flexure elements 16 mounted to the 
rimless hub 14. In other embodiments, there may be a plurality of flexure 
elements. 



1 5 The flexure element 1 6 may be coupled to the rimless hub in any 

manner. In a preferred embodiment, the flexure element 16 is mounted to tiie 
rimless hub 14 by the use of an adapter 18. There can be a plurality of adapters 
18. In a preferred embodiment, the adapter 1 8 is used to make a rigid 
connection between the flexure elements 16, rimmed hub 20, and the rimless 

20 hub 14. 



The adapter 18 is mounted to the rimless hub 14 and the flexure 
element 16. In the preferred embodiment, the flexure element 16 is coupled to 
the adapter 1 8 by the use of a flexure mount 22. 

25 

There can be a plurality of flexure mounts 22. The flexure 
mount 22 may be any means of fixedly coupling a flexure element 16 to an 
adapter 18. In the preferred embodiment, the flexure mount 22 is a threaded 
fastener and nut assembly. In another embodiment, the flexure element 16 and 
30 the flexure mount 22 can be formed together to accomplish coupling to the 
rimless hub 14. 
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The rimmed hub 20 is coupled to the flexure element 16 distal to 
the rimless hub in relation to the steering colmxm 12. The rimmed hub 20 is 
coupled to the flexure element 16 in a manner that S^^s the rimmed hub 20 
relative to the rimless hub 14. Rotation about the long axis of the steering 
5 column 12 by the rimmed hub 20 translates to rotation about the long axis of the 
steering column 12 by the riinless hub 14 and in turn, rotation of the steering 
column 12 about its long axis. 

The primary movement of the rimmed hub 20 is in the rotation of 
10 the steering colunm 12 of the damped steering assembly 10. Flexure element 16 
is coupled to the rimmed hub 20 by a plurality of flexure mounts 22. In an 
exemplary embodiment, each flexure element 16 is secured by two flexure 
mounts 22 and two adaptors 18. Of course, the number of flexure mounts 22 
and adapters 1 8 may vary. In a preferred embodiment, the rimmed hub 20 is 
15 mounted to four flexure elements 16 by use of at least two flexure mounts 22 
and two adapters 18 for each flexure element 16. 



A steering wheel 24 is connected to the rimmed hub 20. The 
steering wheel 24 is coupled in any manner that fixes the steering wheel 24 to 
20 the rimmed hub 20 such that the steering wheel 24 and the rimmed hub 20 move 
in unison, in directions relative to one another. 



Thus, in the steering assembly 10, the torque of the steering 
wheel 24 is translated through the rinraied hub 20 through the flexure element 

25 16 and through the rimless hub 14 to the steering column 12 to rotate the 
steering column 12. In the operation of the steering wheel 24 of one 
embodiment, the operation of turning the steering wheel in order to control the 
tires of a vehicle is similar in function to a conventional steering system. 
Rotation of the steering wheel 24 controls the direction of the vehicle's tires 

30 (not shown). 
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The flexure elements 16 provide for rigid support of the rimmed 
hub 20 and steering wheel 24 when a torque is applied to the steering wheel and 
the rimmed hub 20, in a manner similar to turning the steering wheel to control 
■ the tires of the vehicle (not shown). The flexure elements 16 allow for flexible 
5 support of the rimmed hub 20 and steering wheel 24 in a direction substantially 
parallel to the long axis of the steering column 12. 

Turning now to Figure 2, an exemplary embodiment of a flexure 
element 16 is illustrated. Flexure element 16 is shown including a flexure body 
1 0 26. Flexure body 26 is shown in a preferred embodiment as being substantially 
planar in shape (a plate). Flexure body 26 has a mechanical structure that 
makes it rigid enough to translate the rotational force applied to the steering 
system. 

1 5 Flexure body 26 has a mechanical structure that makes it flexible 

enough to dampen vibrations from tiie steering column 12, thus decreasing 
vibrations in the steering wheel 24, 

In a preferred embodiment, the flexure body 26 is an aluminum 
20 alloy plate that has a thickness of one tiurty-second of an inch (1/32 inch). 

Flexure body 26 has a platen shape as shown in tiie Figures 1-6. Of course, it is 
contemplated that the flexure body 26 may be a variety of materials and shapes 
that provide both flexibility and rigidity to the forces encountered in the steering 
system. Disposed on or through the flexure body 26 is the flexure mount 22. 
25 There may be a plurality of flexure mounts 22. A preferred embodiment has 
four flexure mounts 22 disposed through the flexure body 26 to couple the 
flexure body 26 to two adaptors 21 (see Figure 1 and Figure 6). 

In the preferred embodiment, the flexure mount 22 is a hole or 
30 passage that allows for a fastener to insert through the flexure body 26 and into 
or through the adaptor 18, thereby securely fastening it In some embodiments, 
the flexure mounts 22 function to hold the flexure body 26 to the adaptor 1 8 
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which is mounted to the rimmed hub 20 and the adaptor 1 8 mounted to the 
rimless hub 14. In other embodiments, the flexure mounts 22 secure the flexure 
body 26 directly to each of the rimmed hub 20 and die rimless hub 14. 



5 Disposed on flexure body 26 is a first actuator 28. Opposite first 

actuator 28 is a second actuator 30. There may be a plurality of actuators or a 
single actuator. 

Actuators 28 and 30 are electromechanical transducers that 
10 convert electrical energy to mechanical energy. The electromechanical 

transducers may use an electrostrictive element, a magnetostrictive element or a 
piezoelectric element In a preferred embodiment, the actuators are 
piezoelectric ceramic strain transducers. Piezoelectric elements contract and 
expand in proportion to applied voltage. The acmators are mounted on the 
15 flexure body 26 to provide an elecirical signal responsive to the vibration of the 
flexure body 26. 

In the preferred embodiment, as shown in Figure 2, there is a 
first actuator 28 and a second actuator 30 on opposite faces of the plate-shaped 
20 flexure body 26. The first actuator 28 and the second actuator 30 may be 

connected to the flexure body 26 by being bonded to the flexure body 26. The 
orientation of the actuators on the flexure body is such that they are in a position 
to substantially cancel the vibration that is translating along the flexure body 26 
fi-om the rimless hub 14 to the rimmed hub 20. 

25 

In the preferred embodiment, the actuators are located at 
optimum points along the transmission path between the disturbances 
(vibrations from the steering column 12) and the steering wheel 24. Coupled to 
the first actuator 28 is a controller 32. Typically, there is one controller 32 for 
30 each actuator. The controller 32 may be remotely coupled to the actuator. In an 
exemplary embodiment, second actuator 30 also has a controller 32. 
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The controller 32 electrically commimicales with the actuators. 
The controller 32 sends electrical signals to die actuator. Each controller 32 is 
of a simple design that makes die controller 32 robust to small system changes. 
In one embodiment, die electrical signal may be applied to a damping resistor 
S connected across the transducer output terminals, or the signal may be fed to 
electronic processing circuitry (not shown) for developing an appropriate 
control signal which is fed back to the actuator. 



In a preferred embodiment, die flexure element 16 uses active 
10 vibration control techniques to reduce the vibrations in the structures of the 
damped steering assembly 10. The flexure element 16 senses the motion of the 
structure (rimless hub 14, rimmed hub 20) with sensors 34 (see Figure 3) such 
as accelerometers, and then calculates the bending vibrations from die sensed 
motion using a computer or controller such as the controller 32. The flexure 
1 5 element 16 then produces canceling bending vibrations generally equal in 
amplitude and opposite in phase to the calculated bending vibrations. 

In an exemplary embodiment, the actuators are piezoceramic 
actuator plates. The piezoceramic plates bendably vibrate the flexure body 26 
20 to produce the canceling bending vibrations. In one embodiment, the 

piezoceramic plate (actuator 28) is driven by a signal such that when the signal 
is positive, the actuator 28 causes the flexure body 26 to bendably deflect in a 
flrst direction from its resting state, and when the signal is negative, the actuator 
28 causes the flexure body 26 to bendably deflect in the opposite direction. 

25 

In an exemplary embodiment, the vibration chamcteristics of the 
damped steering assembly 10 can be empirically measured and stored. Preset 
values may be encoded (programmed) into the controller 32, The programmed 
controller 32 can provide signals to the actuator 28. The control signals are 
30 based on the empirical or theoretical (in other words, another embodiment uses 
a mathematical model derived from physics) data gathered which is specific to 
the vibration and structural characteristics of the damped steering assembly 10« 



wo 02/08027 PCTAISOl/23203 

. 8 . 




When tBfBamped steering assembly 10 experiences the vibration during 
operating conditions, the controller 32 can communicate the signals to ttie 
actuators to generate tiie canceling bending vibration. The flexure element 16 
actively controls the vibration being transmitted with the actuators and 
controllers 32. 



Turning now to Figures 3 and 4, a cross sectional view of a 
portion of steering assembly 10 is shown. Figure 3 is a sectional view from one 
side of the damped steering assembly 10 without the steering wheel 24. 

10 Steering column 12 is shown connected to the rimless hub 14 which is coupled 
to the flexure element 16. Flexure element 16 is coupled to the rimmed hub 20, 
and the steering wheel 24 (not shown) would be connected to flie rimmed hub 
20. Disposed on opposite sides of the flexure body 26 are the actuators 28 and 
30 (controller 32 not shown). The flexure element 16 is coupled to both the 

1 5 rimless hub 14 and the rimmed hub 20 by flexure mounts 22 (adapters 18 not 
shown in this embodiment). 

In an exemplary embodiment, rimless hub 14 and flexure 
elements 1 6 lengthens the entire steering assembly 10 by about one and a half 
20 inches (1.5 inches). 

As an alternative, as shown in Figure 3, a load limiter 36 can be 
added to the steering assembly 10 to allow for high static loads while not 
changing the stifi&iess of the flexure elements 16. The load limiter 36 is coupled 
25 to the rimless hub 14 and coupled to the flexure elements 16. 

The load limiters 36 or mechanical stops are added to impede the 
motion of the flexure body 26 up to a certain amount of deflection of the flexure 
element 16. In one embodiment, the load limiter 36 allows about five tenths of 
30 a millimeter (0.5 mm) of tolerance for the flexure elements 16 to move or flex 
while in motion. This deflection value is below the tensile stress limit of an 
aluminum alloy plate which corresponds to about eighty-eight hundredths of a 
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millimee^.88 mm) when under a deflection load. Figure 4 shows a diagram 
of an embodiment &om a top view. The same elements are shown in Figure 4, 
as are also shown m Figure 3, with the addition of the controller 32 and tiie 
deletion of flie actuator 30 and load limiter 36. The embodiment shown ii 
Figure 4 depicts the flexure mounts 22 connected to the rimless hub 14 at a 
position distal from the steering column 12. 



Figure 5 illustrates an alternative embodiment of the steering 
assembly 10. Here the flexure mounts 22 are connected to the rimless hub 14 
10 more proximate to the steering column 12. This reduces the total length of the 
damped steering assemblylO. Accordingly, rimmed hub 20 is positioned closer 
to the rimless hub 14 as compared to the embodiment shown in Figure 4. 

Figure 6 shows a front view of a diagram depicting an alternative 
15 embodiment of the damped steering column 10 without the steering wheel and 
other elements. Li this figure, the relationship of the flexure body 26 and the 
adapter 18 can be seen. In the preferred embodiment, fasteners 38 are used to 
attach the adapters 18 to the rimmed hub 20 and the rimless hub 14. The 
flexure mounts are also depicted in relationship to the adapters and the 
20 festeners. A thru-hole 38 is disposed in the rimless hub 14 to couple the rimless 
hub 14 to the steering column 12. The rimmed hub 20 may also have a thru- 
hole 40. 

While the invention has been described with reference to a 
25 preferred embodiment, it will be understood by those skilled in the art that 

various changes may be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or material to the 
teachings of the invention without departing from the essential scope thereof 
30 Therefore, it is intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for carrying out this 
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scope of fte appended claims. 




1 • A damped steering assembly for a vehicle comprising: 

a steering column; 

a steering wheel coupled to said steering column wherein said 
steering wheel controls steering of said vehicle; and 

an active vibration control mechanism disposed between said 
steering column and said steering wheel to dampen vibration transmitted from 
said steering column to said steering wheel, 

2. The damped steering assembly as in claim 1 further 

comprising: 

a passive vibration control mechanism disposed between said 
steering column and said steering wheel. 

3. The damped steering assembly as in claim 2 wherein said 
active vibration control mechanism and said passive vibration control 
mechanism includes a flexure element, said flexure element includes a flexure 
body and at least one actuator disposed on said flexure body and a controller 
coupled to said at least one actuator wherein said controller communicates a 
signal to said actuator to activate said actuator disposed on said flexurebody to 
dampen vibration. 

4. The damped steering assembly as in claim 3 further 

comprising: 

a rimless hub coupled to said steering column; 

a rimmed hub coupled to said rimless hub distal from said 
steering column, said rimmed hub being connected to said steering wheel, said 
flexure element is disposed benveen said rimless hub aiid said rimmed hub 
wherein said flexure element couples said rimless hub wift said rimmed hub. 
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5. The damped steering assembly as m claim 4 wherein said 
flexure body is coupled to said rimless hub and said rimmed hub witfi flexure 
mounts. 



6. The damped steering assembly as in claim 5 wherein said 
flexure mount couples to an adaptor coupled to said rimless hub and to an 
adaptor coupled to said rimmed hub. 

7. The damped steering assembly as in claim 3 further 

comprising: 

a first actuator disposed on said flexure element; 

a second actuator disposed on said flexure element opposite 

5 thereof; 

a controller coupled to said first actuator, and 
another controller coupled to said second actuator, wherein said 
flexure element actively controls vibration. 

8. The damped steering assembly as m claim 3 further 

comprising: 

a load limiter coupled to said flexure element for preventing 
mechanical failure of the flexure element. 



9. The damped steering assembly as in claim 7 wherein said 
controller has been programmed to provide control signals, wherein said 
programming is based on empirical or theoretical data pertinent to damped 
steering assembly vibration characteristics. 



10- The damped steering assembly as in claim 3 wherein said 
flexure body is an aluminum alloy plate and said at least one actuator is a 
piezoelectric ceramic actuator. 
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1 1 . The damped steering assembly as in^Rm 6, wherein said 
rimmed hub is mounted to said rimless hub by four of said flexure elements, each 
of said flexure elements having said flexure mounts connected to said adaptors; 
each of said adaptors being fastened to each of said rimmed hub and said rimless 
hub with a fastener, wherein said fastener rigidly fixes said adaptors to each of said 
rimmed hub and said rimless hub. 

12. A method of actively controlling vibration transmitted to a 
steering wheel comprising: 

coupling a steering wheel to a steering column; 

disposing a flexure element between said steering column and said 

steering wheel; 

sensing a vibration transmitted from said steering colunan to said 

steering wheel; 

dampening said vibration with said flexure element. 

13. The method of actively controlling vibration transmitted to 
a steering wheel as in claim 12 further comprising: 

coupling a rimless hub to said steering column at a distal end of said 
steering column, said distal end of said steering column being distal jfrom a steering 
box; 

coupling a rimmed hub to said rimless hub distal from said steering 
column, said rimmed hub being coupled to said steering wheel; 

coupling said flexure element between each of said rimmed hub and 
said rimless hub, said flexure element includes a flexure body, at least one actuator 
disposed on said flexure body and a controller connected to said at least one 
actuator; 

receiving a vibration signal with said controller; 

sending a signal from said controller to said at least one actuator; 

flexing said flexure body through actuation of said at least one 

actuator; and 

dampening said vibration transmitted from said steering column to 
said steering wheel. 





FIG. 2 



wo 02/08027 



PCTAJSOl/23203 




2/3 




10 




12 



FIG. 3 







12 


14 




f / / / 





/////// 
/////// 



f^zzzzzz^ 



26 26 

FIG. 4 



P) (o 



/ I cq) (q) 



28 



32 



20 



3/3 




IIM I tiKIMA i lUiMAL SHAKUli KtKUK I 



uuemaaonai appucauun inu. 



MATTER 



;01/232Q3 



A. CLASSIFICATION OF 
TPCO) :B60R 21/20 
US CL :2SQ^31. 728.2. 779; 74/552 
According to International Patent Classification (IPQ or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : •28ar731, 728.2. 779; 74/552 



Documentation searched other than nunimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat^ry* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
Y 



JP 06001247 A (SUZUKI ct al) 11 JANUARY 1994, SEE ENTIRE 
DOCUMENT 



JP 06270817 A (KAWAMURA et al) 27 SEPTEMBER 1994, SEE 
ENTIRE DOCUMENT 

JP 04011568 A (ODAGI) 16 JANUARY 1992, SEE ENTIRE 
DOCUMENT 

US 4,612,425 A (KANAI et al) 16 SEPTEMBER 1986, SEE 
ENTIRE DOCUMENT 

US 4,712,446 A (KAMATA et al) 15 DECEMBER 1987, SEE 
ENTIRE DOCUMENT 



1, 2, 12 
3-10, 13 
3-10, 13 

1-13 

1-13 

1-13 



I I Further documents are listed in the continuation of Box C. Q See patent family annex. 



* special categories of dted documents: 

"A" document defining the general state of tlie an which is not considered 

to be of particular leleviance 

"E"* earlier document pubUshed on or after the international filing date 

''L" document which may throw doubts on priority daim(8) or which is 
dted 10 estabfidi the publication date of another citation or other 
spedal reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 

"P" document published prior to (he intemadonal filing date but later than 

the priority date cUdmcd 



later document published after the intemadonal filing date or priority 
date and not b conflict with the ^plication but dted to understand the 
prindple or theory underlying the invention 

document of particuhv idevance; the chdmed invention cannot be 
cottsldeied novd or cannot be considered to involve an inventive step 
when the document is takea alone 

dft ff^immt of particular relevance; (he claimffd invendon cannot be 
considered to involve an inventive step when the docuinem is 
comibined widi one or more other such documents, such combinadon 
being obvious to a person skilled in die art 

document member of the same patent family 



Date of the actual cx>mpletion of the international search 
17 SEFTEMBmi 2001 



Date of mailing of the international search report 



240CT2001 



Name and mailing address of the ISAAJS 
Comndssioner of Patents and Trademailcs 

Box per 

Washi^n.D.C 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

BRIAN JOHNSON 
Telq»hone No. (703) 308-0885 



Form PCr/ISA/210 (second sheet) (July 1998)* 



